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ABSTRACT 

Space borne c ryogen ica l l y  cooled i n f r a r e d  telescope systems are  

o p t i c a l l y  s e n s i t i v e  t o  p a r t i c u l a t e  contamination along the  l i n e - o f - s i g h t .  

Methods o f  c lean ing  and handling f l i g h t  ins t rumenta t ion  have been devel -  

oped a t  AFGL and used on the  I n f r a r e d  C e l e s t i a l  Survey program. These 

procedures a re  described i n  d e t a i l  and f l i g h t  r e s u l t s  are presented. 

l 

1.0 INTRODUCTION 

The A i r  Force Geophysics Laboratory i s  conducting a program o f  

experiments t o  survey the  sky i n  the  i n f r a r e d  spec t ra l  reg ion.  

o f  p a r t i c u l a t e  contamination upon i n f r a r e d  experiments i n  space has long 

been recognized (132’3’4’596) so payload design and handling techniques 

have been developed t o  minimize the  p o s s i b i l i t y  o f  dus t  and d i r t  i n  t he  
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2.0 THE EXPERIMENT 

The experimental payload, Figure 1 ,  consists o f  the nose cone, s te l la r  

tracker, s te l la r  aspect sensor, a super cr i t ical  helium-cooled infrared 

radiometer, instrument support section, a t t i  tude control system, and the 

recovery package. Aerobee sounding rockets are used as the propulsion 

vehicles for these experiments. After rocket b u r n o u t  the payload and 

sustainer are separated by means of a Marmon clamp release and pre-loaded 

separation springs; sensor doors, nose tips and s te l la r  aspect sensor 

doors are then ejected and the payload despun. Figure 2. 

control-system captures the payload and points the s tar  tracker, coaligned 

t o  the rocket roll-axis, t o  a pre-selected s tar  near local zenith. The 

infrared sensor cap i s  lowered and the radiometer deployed t o  a specific 

zenith angle. Figure 3 .  

The attitude- 

The payload i s  rotated about the roll-axis allowing the radiometer 

t o  scan a portion of the sky measuring the infrared sources. 

tion of a 360 degree roll the radiometer i s  stepped through an angle 

sl ightly less than i t s  field-of-view t o  permit mapping a contiguous sector 

of sky. A t  the conclusion of d a t a  t a k i n g  the radiometer i s  returned t o  the 

stowed position and the recovery system actuated. 

10000 square degrees are scanned d u r i n g  each f l ight .  

After comple- 

Approximately 9000 t o  

By precise selection of the launch window and s i t e ,  mapping the entire 

celestial sphere can be accomplished. 

3.0 PAYLOAD DESIGN 

The nose t i p ,  Figure 4,  i s  built in two sections with an "0" r i n g  

seal t o  prevent particulate contamination af ter  cleaning and mounting. 

The s te l la r  aspect sensor por t  shown i n  Figure 5 contains two "0" ring 

seals. The outer seal i s  a dust safeguard between the rocket skin and 

the s te l la r  aspect sensor p o r t  and the second i s  a seal for the ejectable 

door. Figure 2 i s  a view of the helium-cooled infrared radiometer i n  the 
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F I G U R E  1 - HI S T A R  C O N F I G U R A T I O N  
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FIGURE 2 

- . -  

- PAYLOAD A F T E R  SEPARATION, NOSE TIPS AND 
DOOR E J E C T I O N  
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FIGURE 3 - RADIOMETER D E P L O Y E D  
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FIGURE 4 - NOSE TIP PRIOR TO INSTALLATION 
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FIGURE 5 - STELLAR ASPECT SYSTEM PORT 
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stowed position. 

epoxy p a i n t  t h a t  allows a cling free, easily cleaned area. The cavity i s  

separated from the s te l la r  aspect sensor and s te l la r  tracker section by a 

solid bulkhead and from the support section immediately below by a rubber 

gasket attached t o  the sensor cap. 

the tower pr ior  t o  launch i s  performed t h r o u q h  an access door observed a t  

the rear of the cavity and directly above the radiometer. 

The surface of this cavity i s  treated with a hard glossy 

Servicinq the infrared radiometer i.n 

Purging o f  atmospheric pressure during rocket ascent i s  accomplished 

by two methods. 

t h r o u g h  one way 1.0 psi check valves mounted on the s k i n .  

contaminated air in the support section and tracker-aspect sensor section 

i s  vented t o  the side panel section, Figure 6,  t h r o u g h  clearances i n  the 

casting, and then o u t  the side panels, Figure 7 ,  t h rough  Millipore f i l t e r s ,  

effect i v e 1 y con t a  i n i ng con tam i na t i  on i ns i de a I' d i r ty  " a rea . 

First ,  the clean a i r  in the sensor chamber i s  vented 

Second, the 

4.0 CLEANING 

4.1 Clean Bench and Clean Room 

Both the clean work station, used for the assembly and disassembly 

of the infrared radiometer, and the clean room provide a laminar flow of 

100 fee t  per m i n u t e  of f i l t e red  a i r .  

and final f i l t e r s  o f  the absolute type increases effectiveness t o  99.97 

percent on particles exceeding 0.3 microns diameter. 

Pref i l te r ing  achieves 60% efficiency 

Preparation of the clean room requires complete vacuuming, soap and 

water scrubbing, rinsing, and a two day purge. 

continuously monitored by instrumentation designed t o  detect particles 

greater t h a n  0.5 micron diameter. A visual display counter gives digital 

particle counts and an audio alarm a le r t s  the user t o  art unexpected vl'ola- 

tion of cleanliness standards. All work in the clean roQm c q s e s  and 

remedial action initiated iP a breakdown in s tandards occur. 

Clean room efficiency i s  

Normal opera- 

t i o n  i s  resumed when corrections have been completed and the required 
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FIGURE 6 SIDE P A N E L  SECTION SHOWING COMBINATION 
AND CABLE HOLES A T  T H E  T O P  AND BOTTOM 
SECTION 
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FIGURE 7 - SIDE P A N E L S  WITH M I L L I P O R E  FILTER HOLDERS 
ON T H E  INSIDE AND VENT HOLES ON T H E  OUTSIDE 
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cleanliness attained. 

4.2 Equipment 

Clean room clothing consists of frocks, boots, hats, and gloves. 

Freon TF grade i s  used as a purging agent i n  an ultrasonic cleaner 

for a l l  small parts including the separable nose cone, screws, washers, 

and a l l  t oo l s  used in the clean room. Aerosol cans of freon and micro- 

scopically clean a i r ,  with 0.5 micron f i l t e r s  attached, disolodge p a r t i -  

cles in inaccessable area. An ultraviolet  l i g h t  i s  used t o  detect l i n t ,  

dust, and other fluorescent materials and establishes the level of payload 

cleanliness as well as t h a t  of a l l  tools and equipment used in the clean 

room. A vacuum cleaner, a s t i f f  b r i s t le  b r u s h ,  and the ultraviolet  l ight 

i s  used t o  examine a n d  eliminate a l l  contaminants i n c l u d i n g  fluorescent 

materials from exposed surfaces resulting in negligible particalate con- 

tami n a t i  on. 

4.3 Procedures 

4.3.1 Mirror Cleaning 

The infrared radiometer telescope primary and secondary mirrors 

used dur ing  HI STAR SOUTH f l igh ts  were super-polished canoqen-coated-bery- 

llium f i r s t  surface mirrors. Special cleaning techniques were developed 

t o  prevent degradation of scattering properties and  contact with mirror 

surfaces was restricted t o  liquids. 

of acetone t o  remove surface contaminants such as vacuum grease and finger 

prints. A spray of 99.9 percent pure ethyl alcohol removed residual ace- 

tone and dissolved any grease or o i l .  A b a t h  of d i s t i l l ed  water and non- 

ionic soap or  very mild dishwashing detergent removed any alcohol residue. 

Finally, flooding the mirror with d is t i l l ed  water removed any residual 

soap solution. This process i s  repeated until visual inspection indicates 

a l l  deposition i s  removed. 

The f i r s t  application was a spray 

I 
1 

I 
If repeated applications of the above procedure 
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f a i l  to remove contamination, s t r ips  of Kay Dry tissues thoroughly 

saturated w i t h  each of the liquids are drawn, w i t h o u t  surface pressure, 

across the mirrors. 

i n  a l l  operations. 

This technique has effectively removed contamination 

4 . 3 . 2  Pay1 oad C1 eani ng 

Areas requiring absolute cleanliness include the nose cone, 

s t e l l a r  tracker and s t e l l a r  aspect system detents, radiometer section, 

and the entire outer skin of the payload. 

positioned horizontally on a cradle designed w i t h  rol lers  t o  permit 

effortless rotation and maximum access t o  a l l  sections t o  be cleaned. 

The nose cone end of the payload is  canted slightly and positioned close 

t o  the clean room f i l t e r  bank placing cleaned areas and those being cleaned 

between the f i l t e r  bank and  personnel d u r i n g  cleaning functions. 

The payload, Figure 1 ,  i s  

Nylon l int-free cloths are used to  apply liberal quantit i tes 

of clean freon over the skin of the payload around the s t e l l a r  tracker 

mount ing  area. 

of an ultra violet l ight.  

standard lens paper and Kodak lens cleaner. 

separable nose cone is  assembled and secured t o  the payload. Again the 

skin i s  f l u s h e d  t o  below the s t e l l a r  aspect system detent and vacuumed. 

The aspect system door,  purged i n  the ultrasonic cleaner, i s  then secured 

to the payload and an ultraclean polyethylene an t i s ta t ic  bag cut to  the 

ful l  length of the payload is  pulled over the nose and down along the 

payload to  a p o i n t  j u s t  below the aspect system door thereby isolating 

the upper cleaned p o r t i o n  from contamination. 

This detent i s  then vacuumed and checked with the a i d  

The exposed tracker lens i s  cleaned w i t h  

A t  th is  p o i n t  the pre-cleaned 

The most intr icate  and complicated portion t o  undergo cleaning 

i s  the infrared radiometer sensor and cavity area. 

exterior from below the bagged area t o  below the cavity i s  washed w i t h  

liberal amounts of freon and vacuumed. The radiometer exterior, casting 

Once again the payload 
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cavity, cables, and connectors are cleaned in preparation for the opening 

of the infrared radiometer. 

deployed some 90 degrees, and the interior vacuumed. 

meters are assembled on a clean bench and contaminants are rarely found 

inside a t  th is  time. 

i s  stowed and the cap raised i n  place. 

radiometer i n  the launch tower consists of a helium f i l l  l ine ,  a vacuum 

pump por t ,  and a vent heater cable, a l l  thoroughly cleaned and attached 

th rough  a s p l i t  access door.  The sensor cavity i s  re-inspected for  con- 

taminants, cleaned i f  required, and isolated with the attachments of the 

pre-cleaned ejectable doors. The exposed outer payload skin i s  purged, 

re-cleaned, and the polyethylene bag moved along t o  cover the payload 

to  below the sensor door. 

below the radiometer section t o  the bottom of the payload separation j o i n t  

i s  systematically cleaned w i t h  freon and vacuumed, isolating each section 

a f te r  cleaning by moving the clean bag along the skin. 

The radiometer cap i s  then lowered, the sensor 

The infrared rad io-  

On completion of the cleaning, the radiometer 

Equipment used t o  service the 

The remainder of the payload from a p o i n t  

To gain access for  servicing o f  parts of the payload encased 

i n  the clean bag,  polyethylene sleeves are fabricated and attached t o  

the bag a t  s trategic locations. 

service door f o r  the radiometer. 

liquid helium lines i n  this area, a small clean bag contai.ni*ng the pre- 

cleaned permanent door and other equipment used i n  preparation for final 

"buttoning up" i s  inserted i n  the sleeve. 

to  provide access to  the payload timers, f l i gh t  battery doors,  umbilical 

connector section, and a t t i tude control system battery door. A second 

clean bag i s  subsequently stretched over the ent i re  payload t o  protect 

the package d u r i n g  transportatlon, mat ing  w i t h  the rocket sustainer, 

and emplacement i n  the launch tower. 

cables are cleaned with freon, ultraviolet  l i g h t  tested, vacuumed, and 

One such place i s  a t  the temporary 

In a d d i t i o n  t o  the vacuum pump and 

Other sleeves are fabricated 

Connector ends of a l l  umbilical 
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then doubly bagged t o  prevent  contaminat ion d u r i n g  mat ing w i t h  t h e  

payload on the  launch tower. 

A l l  bagging m a t e r i a l ,  F igure  9, remained on t h e  payload 

u n t i l  seventy f i v e  minutes before launch a t  which t lme i t  was washed 

down, s l i t ,  and peeled o f f .  

5.0 RESULTS 

Seven rockets  have been success fu l l y  launched, F igure  10, a t  

White Sands M i s s i l e  Range, and th ree  a t  Woomera, A u s t r a l i a .  

launches o f  t h e  HI STAR and H I  STAR SOUTH program surveyed n i n t y  percent  

o f  t h e  sky a t  11 and 20 microns l o c a t i n g  and i d e n t i f y i n g  some 3200 ce les-  

t i a l  ob jects ,  F igure  11. 
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F I G U R E  8 



FIGURE 9 - NOSE TIP OF PAYLOAD ENSHROUDED IN 
P O L Y E T H Y L E N E  BAGGING MATERIAL ON 

THE LAUNCH TOWER 
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F I G U R E  11 - I N F R A R E D  S O U R C E S  A T  11 M I C R O N S  AS 
OBSERVED DURING HI STAR FLIGHTS 
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